Reactions of Fe3(CO)12 with the heterocycles phenazine and acridine in refluxing benzene afforded the mononuclear complexes Fe(CO)3(η 4 -C12H8N2) (1a) and Fe(CO)3(η 4 -C13H9N) (1b), respectively. Treatment of 1a with P(OMe)3 and PPh3 in the presence of Me3NO at room temperature yielded the carbonyl substitution products Fe(CO)2{P(OMe)3}(η 4 -C12H8N2) (2a) and Fe(CO)2(PPh3)(η 4 -C12H8N2) (3a), respectively. Similar reactions of 1b yielded Fe(CO)2{P(OMe)3}(η 4 -C13H9N) (2b) and Fe(CO)2(PPh3)(η 4 -C13H9N) (3b). Treatment of 1a with the diphosphines dppm and dppf under similar conditions afforded the mononuclear compounds Fe(CO)2(κ 1 -dppm)(η 4 -C12H8N2) (4a) and Fe(CO)2(κ 1 -dppf)(η 4 -C12H8N2) (4b) . Compounds 1a, 2a, 3b, and 4a have been structurally characterized by X-ray crystallography. The ancillary phenazine and acridine ligands in these products adopt an η 4coordination mode by using only the peripheral carbon atoms in one of the carbocyclic rings.
Introduction
Phenazine, a bisannulated derivative of pyrazine, is a planar N-heterocyclic ligand whose biological and spectral properties have been extensively studied in the fields of chemistry and biology. 1, 2, 3, 4, 5, 6, 7, 8 Although similar to the parent heterocycle, pyrazine, with respect to its Nbased coordination chemistry, it has different electronic and steric properties, which in turn give rise to ligand coordination modes and unique structural motifs for those compounds that possess an ancillary phenazine. Phenazine possesses idealized D2h symmetry similar to pyrazine, but the presence of the fused benzene rings at the pyrazine junctions imparts additional steric bulk to phenazine related to the parent heterocycle and the monoannulated derivative quinoxaline. As an ancillary ligand, phenazine is known to exhibit terminal 9 and bridging 10 coordination modes, as well as functioning as an electron donor in intermolecular arrays by directing the formation of columnar stacks through π-π interactions. 11 Acridine contains only one nitrogen atom and its structural properties and reactivity often mimic that of phenazine.
As early as 1970 Fischer and co-workers reported reactions a range of condensed aromatic compounds with Fe3(CO)12 at elevated temperatures, including the reaction with phenazine with lead to the formation of Fe(CO)3(η 4 -C12H8N2) (1a) in 34% yield. 12 While this complex was characterised spectroscopically, at the time a crystal structure was not obtained and the precise perturbations of the aromatic system upon complexation were not elucidated. More recently Ellis and co-workers reported the synthesis and crystal structure of the anthracene complex [K(L)(thf)2][Fe(η 4 -C14H10)2] (L = 2,2,2-crypt) which shows that the coordinated anthracene ligands are highly distorted away from their planar aromatic forms upon metal coordination. 13 While the reactivity of the triruthenium and triosmium clusters M3(CO)12n(NCMe)n with the nitrogen heterocycles pyridine, 14, 15, 16, 17 pyrazole, 14 pyrimidine, 18, 19 pyrazine, 18, 20 quinoxaline, 20 and quinoline 18, 21, 22, 23 has been extensively been investigated, few studies have hitherto been published involving the heterocycle phenazine. Cabeza et al. 24 recently reported that the reaction of Ru3(CO)12 with phenazine in refluxing THF led to the formation of tri-, tetra-and hexanuclear clusters Ru3(CO)9(μ3-{(C6H4)(C6H3)N2}(μ-H), Ru4(CO)10(μ-CO)(μ4-{(C6H4)(C6H3)N2H} and Ru6(CO)12(μ-CO)(μ5-{(C6H4)(C6H3)N2H} (Scheme 1).
Scheme 1. Reaction of Ru3(CO)12 with phenazine
More recently, we reported the isolation and structural characterization of the face-capped monohydride Os3(CO)9(μ3-η 2 -C12H7N2)(μ-H) and electron-precise dihydride Os3(CO)9(μ3-η 2 -C12H6N2)(μ-H)2 clusters from the reaction of Os3(CO)12 with phenazine in refluxing xylene (Scheme 2). 25 
Scheme 1. Reaction of Os3(CO)12 with phenazine
In order to complete the study of phenazine reactivity with the Group 8 trimetallic clusters, we have investigated the reaction of Fe3(CO)12 with phenazine. Herein, we report our results on the mononuclear iron compound Fe(CO)3(η 4 -C12H8N2) (1a), which was isolated from the thermolysis of Fe3(CO)12 in the presence of phenazine. Also reported is the reactivity of acridine with Fe3(CO)12 under analogous conditions, which furnishes Fe(CO)3(η 4 -C13H9N) (1b). Our data reveal that the two heterocyclic ligands adopt a different coordination mode in the case of iron compared to the products found in the related reactions using ruthenium and osmium carbonyl cluster complexes.
Experimental

General procedures
Unless otherwise noted, all reactions were carried out under a nitrogen atmosphere using standard Schlenk techniques. Reagent-grade solvents were dried using appropriate drying agents and distilled prior to use by standard methods. Fe3(CO)12 was prepared according to the published procedure. 26 Phenazine and acridine were purchased from Sigma-Aldrich and used without further purification. Me3NO·2H2O was dried by azeotropic distillation using benzene with Dean-Stark distillation equipment. Infrared spectra were recorded on a Shimadzu IR Prestige-21 spectrophotometer, and the 1 H and 13 C NMR spectra were recorded on a Varian Unity 500 NMR spectrometer. The spectral assignments for 1a were ascertained through a combination of 2D NMR experiments, including 1 H COSY, HMQC, and HMBC techniques. All chemical shifts are reported in δ units and are referenced to the residual protons of the deuterated solvents ( 1 H and 13 C) and external 85% H3PO4 ( 31 P) as appropriate.
Elemental analyses were performed by the Microanalytical Laboratories of the Wazed Miah
Science Research Centre at Jahangirnagar University. Product separations were performed by TLC in air on 0.5 mm silica gel (GF254-type 60, E. Merck, Germany) glass plates.
Reaction of Fe3(CO)12 with phenazine
A benzene solution (25 mL) containing Fe3(CO)12 (0.20 g, 0.40 mmol) and phenazine (71 mg, 0.39 mmol) was heated to reflux for 3 h. The solvent was removed under reduced pressure and the residue chromatographed by TLC on silica gel. Elution with cyclohexane/CH2Cl2 
Reaction of Fe3(CO)12 with acridine
A benzene solution (25 mL) of Fe3(CO)12 (0.10 g, 0.20 mmol) and acridine (0.11 g, 0.59 mmol) was heated to reflux for 1.5 h and then allowed to cool to room temperature. The Found: C, 60.42: H, 3.05; N, 4.58%.
Reaction of 1a with P(OMe)3
To a dichloromethane solution (20 mL) of 1 (20 mg, 0.06 mmol) and P(OMe)3 (15 μL, 0.12 mmol) was added dropwise a solution of Me3NO (5 mg, 0.07 mmol) in the same solvent (10 mL) and the solution was stirred at room temperature for 2h. The solution was then filtered through a short silica column (4 cm), followed by solvent removal under reduced pressure.
The resulting residue was purified by chromatography over silica gel using cyclohexane/CH2Cl2 (1:9, v/v) as the eluent. Of the two developed two bands, the faster moving band corresponded to unconsumed 1a (trace), while the slower moving bond yielded 
Reaction of 1a with PPh3
To a dichloromethane solution (20 ml) of 1a (40 mg, 0.13 mmol) and triphenylphosphine (33 mg, 0.126 mmol) was added dropwise a CH2Cl2 solution containing Me3NO (10 mg, 0.13 mmol), followed by stirring at room temperature for 2h. Filtration of the crude reaction mixture through a short silica column (4 cm), followed by solvent removal, afforded the crude product. Chromatographic purification using cyclohexane/dicloromethane (2:3, v/v) developed four bands, of which the first band was confirmed as unreacted triphenylphosphine. The second band was too small for complete characterization and the third band was phenazine (trace). The fourth band gave the desired product 
Reaction of 1b with PPh3
A similar reaction between 1b (26 mg, 0.08 mmol) and triphenylphosphine (21 mg, 0.08 mmol) in the presence of Me3NO (6 mg, 0.08 mmol) was conducted and Fe(CO)2(PPh3)(η 4 -C13H9N) (3b) (40 mg, 88%) was isolated as red crystals after recrystalization from 
Reaction of 1a with dppm
To a dichloromethane solution of 1a (20 mg, 0.06 mmol) and dppm (24 mg, 0.06 mmol) was added dropwise a solution of Me3NO (5 mg, 0.07 mmol) in the same solvent (10 mL) and stirring continued for 2 h at room temperature. The solution was filtered through a short silica column (4 cm), after which time the solvent was removed under reduced pressure and the residue chromatographed by TLC on silica gel. Elution with cyclohexane/ CH2Cl2 (1:9, v/v) developed two bands. The faster moving band afforded Fe(CO)2)(κ 1 -dppm)(η 4 -C12H8N2) (4a) (18 mg, 40%) and slower moving band was isolated in an insufficient amount for 
X-ray crystallography
Single crystals were grown by diffusion of hexane into a CH2Cl2 solution of 1a, 2a, 3b and 4a. Single crystals of 1a and 4a were mounted on glass fibres and all geometric and intensity data were taken from these samples using a Bruker SMART APEX CCD diffractometer using graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å) at 150 ± 2 K. Data collection, indexing and initial cell refinements were all done using SMART software. 27 Data reduction were carried out with SAINT PLUS 28 and absorption corrections applied using the programme SADABS. 29 Single crystals of 2a and 3b were mounted on a SuperNova, Dual, Cu at zero, Atlas diffractometer and the crystal were kept at 150 K during data collection.
Using Olex2, 30 the structures were solved with the structure solution program using ShelXS 31 and refined with the olex2.refine refinement package 32 using Gauss-Newton minimization.
Computational details and modeling
The DFT calculations on Fe(CO)3(η 4 -C12H8N2) (species A) were carried out with the Gaussian 09 package of programs, 33 using the B3LYP hybrid functional. This functional is comprised of Becke's three-parameter hybrid exchange functional (B3) 34 and the correlation functional of Lee, Yang, and Parr (LYP). 35 The iron atom was described with the Stuttgart-Dresden effective core potential and SDD basis set, 36 and the 6-31G(d') basis set 37 was employed for all remaining atoms.
The reported geometry for A was fully optimized and the analytical second derivatives were evaluated, confirming that the geometry was an energy minimum (no negative eigenvalues).
Unscaled vibrational frequencies were used to make zero-point and thermal corrections to the electronic energies. The computed harmonic frequencies for the carbonyl stretching bands have been scaled using a scaling factor of 0.965. The natural charges and Wiberg indices were computed using Weinhold's natural bond orbital (NBO) program. 38, 39 The geometryoptimized structures have been drawn with the JIMP2 molecular visualization and manipulation program. 40
Results and discussion
Reactions of Fe3(CO)12 with phenazine and acridine
Treatment of Fe3(CO)12 with phenazine and acridine in refluxing benzene afforded the mononuclear complexes Fe(CO)3(η 4 -C12N2H8) (1a) (47% yield) and Fe(CO)3(η 4 -C13H9N) (1b) (35% yield), respectively, which were isolated as orange crystals after chromatographic workup. Both 1a 12 and 1b have been characterized by a combination of elemental analysis, IR, and 1 H NMR spectroscopy; the solid-structure of 1a was also determined by single crystal X-ray diffraction analysis.
Scheme 3. Reactions of Fe3(CO)12 with phenazine and acridine
The ORTEP drawing of the molecular structure of 1a is depicted in Fig. 1 (top) and selected bond distances and angles are reported in the figure caption. The molecule contains one iron atom whose coordination sphere consists of three carbonyl ligands and an η 4 -C12H8N2 ligand.
The η 4 coordination of the phenazine in 1a represents a rare bonding mode for this ligand 13 .
While η 4 -phenazine ligands have been structurally demonstrated by Parkin et al. 41 The solution spectroscopic data of 1a are in complete agreement with the solid-state structure and the earlier work of Fischer. 12 The IR spectrum of 1a recorded in CH2Cl2 reveals three terminal (CO) bands at 2065, 2005, and 1997 cm -1 , of which the highest energy band corresponds to the symmetric stretching mode for the three vibrationally coupled carbonyl groups. The remaining two (CO) bands represent different combinations of antisymmetric stretches involving the carbonyl groups. The nature of these assignments was ascertained by normal mode analysis of the frequency data from the DFT-optimized structure. The 1 H NMR spectrum of 1a (recorded in CD2Cl2) shows two different sets of symmetrical spin systems for the eight hydrogens. The diene moiety appears as an AA'XX' system with multiplets centered at  3.87 and 6.53, while the remaining four hydrogens on the iron-free aryl ring appear as an AA'BB' spin system. The specific assignments in these spin systems were verified by 1 H COSY measurements and the coupling constants were established by spectral simulation using the available program gNMR. The 13 C NMR spectrum reveals eight 13 C resonances, of which the seven that appear from  62.14 to 156.98 belong to the phenazine ligand that possesses idealized Cs symmetry. Rapid tripodal rotation of three CO groups leads to a time-averaged resonance at  207.25. 45 The 13 C spectral assignments were determined by a combination of HMQC and HMBC experiments, and the below picture shows the specific The data obtained from elemental analyses and IR and NMR spectroscopies corroborate the nature of the products 2a,b and 3b, whose structures are depicted in Scheme 4. Further, the solid-state structures of 2a and 3b were also established by X-ray crystallography. The ORTEP drawing of molecular structure of 2a is depicted in Fig. 2, confirming 
Reactions of 1a with diphosphines
The reactivity of 1a with the diphosphines dppm and dppf were next examined in order to probe the ligand chelation of these diphosphines at the iron center. Heating 1a with dppm at 
Conclusions
A summary of the reactions described in this report is shown in Schemes 3 and 4. The reaction of phenazine and acridine with Fe3(CO)12 at 80 °C yielded the mononuclear complexes Fe(CO)3(η 4 -C12H8N2) (1a) 12 
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